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Abstract: The development of a mild and practical Barbier-Negishi 
coupling of 2° alkyl bromides with triflates and nonaflates is 
reported. This challenging reaction was enabled by a very bulky 
imidazole-based phosphine ligand, which allowed achieving good 
yields, chemo- and site-selectivities for a broad range of substrates 
at room temperature and under non-aqueous conditions. This 
reaction was extended to 1° alkyl bromides by using an analogous 
pyrrazole-based ligand. 
 
Secondary alkyl groups are important substructures found in 
various active pharmaceutical ingredients (APIs), such as the 
corticotropin-releasing factor 1 (CRF1) antagonist 1,[1] and the 
anaplastic lymphoma kinase (ALK) inhibitor Ceritinib 2 (Figure 
1a).[2] The Negishi coupling of 2° alkyl halides has proven a mild 
and efficient method to introduce these motifs (Figure 1b).[3] 
However, a major limitation arises from the propensity of the 
corresponding 2° alkylpalladium intermediate 7 to undergo 
migration and give rise to isomeric alkylpalladium complex 8 via b-
hydride elimination, rotation of the Pd-alkene complex and alkene 
insertion, hence leading to a mixture of the ipso and cine products 4 
and 5. In the last 30 years, various ligands and catalysts derived 
thereof have been developed to limit the migration pathway and 
favor the direct coupling product (Figure 1c), including 
diphosphines such as dppf[4] and bulky monodentate ligands such as 
tri-tert-butylphosphine,[5] the biarylphosphine CPhos,[6] and N-
heterocyclic carbenes.[7,8] In all cases, the required 2° organozinc 
halide 6 was preformed from the 2° alkyl halide prior to the 
coupling step. On the other hand, Lipshutz and co-workers have 
reported Barbier-Negishi conditions allowing the cross-coupling of 
aryl and alkyl halides "on-water" or in water in the presence of a 
surfactant, and avoiding the preformation of the organozinc 
species.[9] An improved catalytic system, allowing the cross-
coupling of a range of cyclic alkyl bromides and (hetero)aryl 
electrophiles, has been recently disclosed by Buchwald and co-
workers.[10] However, Barbier-Negishi couplings under water-free 
conditions have remained elusive until recently. In 2016, Kishi and 
co-workers reported the development of one-pot conditions for the 
Fukuyama coupling leading to dialkylketones.[11,12] In parallel, we 
reported the development of a migratory Barbier-Negishi cross-
coupling operating in anhydrous THF and leading to linear products 
(Figure 1b, 5 with R1 = H) upon the use of a specifically designed 
phosphine ligand.[13] Our initial efforts to extend this protocol to 
selectively obtain the valuable ipso product 4 using reported ligands 
were met with little success. We report herein the development of a 
new phosphine ligand L1 (Figure 1c) enabling the cross-coupling of 
triflates and nonaflates with 2° alkyl bromides under Barbier 
conditions with limited isomerization. 
 
 
Figure 1. Branched-selective Negishi coupling of 2° alkyl halides. 
We started to investigate the Barbier-Negishi coupling of aryl 
triflate 9a with 3-bromopentane 3a (Table 1). Previous studies 
showed the orthogonal character of these two coupling partner, with 
the alkyl bromide selectively undergoing magnesium insertion and 
transmetalation to zinc under Knochel's conditions,[14] whereas the 
aryl triflate undergoes oxidative addition to the in situ-generated 
active palladium(0) complex.[13a] We first examined commercially 
available ligands or catalysts derived thereof, which have been 
developed to perform branched-selective Negishi coupling (entries 
1-9).[4-7] Under Barbier conditions, only dppf and CPhos furnished a 
significant conversion of the aryl triflate, and CPhos provided a 
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77:23 mixture of the ipso coupling product 4a and the C-2 + C-1 
isomers (entry 5). Control experiments performed with the 
corresponding preformed organozinc halide (entries 4, 6, 9) showed 
a restored reactivity and 84:16 selectivity for IPent, thereby pointing 
to the limited compatibility of Barbier conditions with existing Pd 
catalysts. 
Table 1. Optimization of reaction conditions.[a] 
 
Entry Catalyst[a] Yield 4a [%][b] Selectivity[c] 
1 PdCl2(dppf) 39 56:44 
2 Pd[P(t-Bu)3]2 <5 – 
3 [PdP(t-Bu)3Br]2 <5 – 
4[d] Pd[P(t-Bu)3]2 <5 – 
5 Pd2dba3/CPhos 71 77:23 
6[d] Pd2dba3/CPhos 75 76:24 
7 Pd-PEPPSI-IPr <5 – 
8 Pd-PEPPSI-IPent <5 – 
9[d] Pd-PEPPSI-IPent 82 84:16 
10 Pd2dba3/L2 <5 – 
11 Pd2dba3/L3 41 93:7 
12 Pd2dba3/L4 20 64:36 
13 Pd2dba3/L5 11 90:10 
14 Pd2dba3/RuPhos 88 83:17 
15 Pd2dba3/L6 <5 – 
16 Pd2dba3/L7 73 93:7 
17 Pd2dba3/L8 61 94:6 
18 Pd2dba3/L9 61 77:23 
19 Pd2dba3/L10 18 81:19 
20 Pd2dba3/L11 56 92:8 
21 Pd2dba3/L1 83 93:7 
22[d] Pd2dba3/L1 76 95:5 
[a] Well-defined catalyst (5 mol%) or Pd2dba3 (2.5 mol%)/ligand (5 
mol%). [b] Determined by GC using dodecane as an internal standard. 
[c] GC ratios of 4a/sum of C-1 and C-2 isomers. [d] Performed using 
the preformed organozinc halide under otherwise identical conditions. 
 
After these first scouting experiments, we sought to synthesize 
new ligands which would both tolerate the Barbier conditions and 
allow improvement of the selectivity in favor of the direct coupling 
product 4a. Previous mechanistic studies indicated that increasing 
further the steric bulk at the phosphorus atom and the biaryl axis of 
the ligand should simultaneously decrease the energy barrier of the 
direct reductive elimination (Figure 1, 7 ® 4), and increase the 
barriers of the b-H elimination and p-complex rotation leading to Pd 
migration (7 ® 8), and hence should lead to improved selectivity for 
the direct coupling product.[15] We focused on the phenylazole 
family of ligands, which are readily synthesized by Cu-catalyzed C–
N coupling and lithiation-phosphorylation, and wherein the steric 
and electronic properties can be easily modulated.[16,17] CPhos 
analogues L2-L5 containing an imidazole or pyrrazole ring provided 
only a modest reactivity (entries 10-13), but the selectivity increased 
significantly when the Cy groups on the phosphorus atom were 
replaced with t-Bu groups (L3, L5). Concomitantly, we found that 
RuPhos[18] provided slightly enhanced yield and selectivity 
compared to CPhos (entries 5, 14). Hence, we synthesized and 
tested imidazole and pyrrazole analogues of RuPhos L6-L11 and L1 
(entries 15-21). We concluded that: 1. tert-butyl substituents on the 
phosphine provide optimal reactivity and selectivity compared to 
cyclohexyl and adamantyl groups (entries 15-17); 2. the imidazole 
ring is superior to the more electron-deficient pyrrazole ring (entries 
16 and 19); 3. cyclohexyloxy groups on the 2',6' positions provide 
higher yields than methoxy and isopropoxy groups (entries 16, 20, 
21). A control experiment using L1 and the preformed organozinc 
halide showed that this ligand performs equally well under both 
types of conditions (entries 21-22), and that it is more selective than 
previously developed ligands (entries 1-9).  
Then, we further refined the reaction conditions using the 
optimized ligand L1, and gratifyingly we were able to decrease the 
excess of reagents required to form the organozinc intermediate 
from 2.0 to 1.5 equiv, the temperature from 60 to 25 °C, and to 
replace the triflate leaving group with the less expensive 
nonaflate[19,20] (Scheme 1). Under these conditions, product 4a was 
obtained in 90% yield and with 94% selectivity. We next 
investigated the scope of the Barbier-Negishi coupling, starting with 
the electrophilic partner (Scheme 1a). The ratio ipso/mixture of 
isomers obtained with CPhos is given in some instances for 
comparison. Electron-donating and withdrawing groups at the para 
and meta positions of the aryl nonaflate were well tolerated (4a-k), 
including a chloride (4b) and a boronate (4d) which provide handles 
for further functionalization. The nonaflate bearing an ethyl ester 
was a notable exception, delivering the C-1 isomer as the main 
product in low yield (see 4e). However, restored yield and ipso 
selectivity were observed in a control experiment with the 
preformed organozinc bromide (85:15), which further illustrates the 
differences between Negishi couplings performed under normal and 
Barbier conditions. Fortunately, replacing the nonaflate with triflate 
furnished a solution to this problem, and product 4e was obtained 
with a similar selectivity (85:15) to the normal Negishi coupling. 
The coupling of an aryl nonaflate bearing an ortho substituent (4l) 
represented another challenging case. Previous work showed that 
such groups tend to favor the migratory cross-coupling.[13a] Indeed, 
using CPhos as the ligand mainly led to isomerized products 
(4l/isomers 36:64). Fortunately, ligand L1 provided a reversed 
selectivity using both the nonaflate (87:13) and the triflate (9:1). The 
coupling of 2-pyridyl nonaflate also proved challenging, leading to 
product 4m with moderate selectivity (72:28), but isomerization 
mainly took place with CPhos (20:80). Other tested heteroaryl 
nonaflates provided a very good selectivity for the ipso product (4n-
o). Moreover, cyclohexenyl nonaflates were suitable coupling 
partners, delivering products 4p-q with >90% selectivity. Finally, a 
more complex estrone-derived nonaflate, containing an enolizable 
ketone, led to the direct cross-coupling product 4r in excellent yield 
and selectivity.  
Br
OTf
OMe Mg, LiCl, ZnCl2 (2 equiv)
catalyst (5 mol%)
THF, 60 °C, 24 h
9a
0.5 mmol
3a
1 mmol
OMe
3
+ C1 & C2 isomers
4a
PCy2
OO
RuPhos
N
R1R1
N
P(R2)2 N
R1R1
N P(R2)2
NMe2
O(i-Pr)
OMe
OCy
R1 R
2 Cy
L2
L6
t-Bu
L3
L7
L11
L1
Ad
L8
Cy
L4
L9
t-Bu
L5
L10
 3 
 
Scheme 1. Scope and limitations of the Barbier-Negishi coupling of 2° alkyl halides. Yields refer to the isolated mixture of cross-coupling 
products. [a] Using 2.0 equiv 3-bromopentane/Mg/LiCl,ZnCl2. [b] Using 2.0 equiv bromoalkane/Mg/LiCl,ZnCl2, 5 mol% Pd2dba3, 10 mol% L1, at 
60 °C. [c] Using 2.0 equiv bromoalkane/Mg/LiCl,ZnCl2, at 40 °C. [d] Using 1.25 mol% Pd2dba3 and 2.5 mol% L1. Tf = CF3SO2; Nf = 
CF3(CF2)3SO2; Boc = tert-butyloxycarbonyl; TBS = tert-butyldimethylsilyl. 
This last case further illustrates the excellent functional group 
tolerance of this method, likely reflecting the fact that the 
transmetalation of the in situ-generated 2° alkyl Grignard 
intermediate with ZnCl2 is faster than the enolate formation and 
nucleophilic addition on the ketone. 
The scope in 2° alkyl bromide was next investigated using 4-
methoxyphenyl nonaflate as the electrophile (Scheme 1b). Good 
yields and excellent selectivities were obtained for all tested 2° alkyl 
bromides (4s-ac), regardless of the position of the bromine atom on 
the alkyl chain. Branching (4u), a phenyl group (4w) and a methyl 
ester (4x) were well tolerated, but aldehyde or ketone functions 
required protection as acetals (4v, 4y) and a primary alcohol as a 
silyl ether (4aa). A Boc-protected 2° amine was also tolerated (4z), 
but the reaction was sluggish and forcing conditions were necessary, 
presumably due to the coordinating ability of the Boc group. As 
expected, the reaction conducted from a 1:1 diastereoisomeric 
mixture of acyclic bromides 8aa led to arylated product 4ab with 
low 1,3-diastereoselectivity,[21] and the same result was obtained 
with isolated syn and anti diastereoisomers of 8aa. Similarly, the 
coupling of an enantiopure alkyl bromide furnished a racemic 
product.[22] In contrast, the reaction of the menthol-derived cyclic 
bromide 8ab occurred with excellent diastereoselectivity to give 
compound 4ac wherein the isopropyl and aryl groups are trans and 
equatorial, in agreement with the work of Knochel and co-
workers.[23] Finally, we successfully scaled up the reaction to 10 
mmol of aryl nonaflate, leading to 2.2 g of the arylated product 4ad 
in 75% yield at 25 °C and under reduced catalyst loading (2.5 mol% 
Pd/L1). 
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In addition, we sought to extend this Barbier-Negishi coupling 
to 1° alkyl bromides (Scheme 2). Surprisingly, the reaction of 1-
bromopentane 11c with aryl nonaflate 10a in the presence of the 
same ligand as above (L1) was inefficient, leading mainly to the 
homocoupling of 10a. Fortunately, after a brief screen of other 
azole-based ligands,[22] we found that less electron-rich pyrrazole-
based phosphines afforded a solution to this problem. In particular, 
using L9 as the ligand allowed performing the Barbier-Negishi 
coupling of 1° alkyl bromides 11a-d with nonaflate 10a in excellent 
yields (Scheme 2). 
 
 
Scheme 2. Barbier-Negishi coupling of 1° alkyl halides. 
In conclusion, we reported the development of the Barbier-
Negishi coupling of 2° alkyl bromides with (hetero)aryl triflates and 
nonaflates under mild, non-aqueous conditions. The use of a very 
bulky imidazole-based phosphine ligand allowed achieving good 
yields, chemo- and site-selectivities for a broad range of substrates. 
This practical reaction was extended to 1° alkyl bromides by using 
an analogous, pyrrazole-based ligand. 
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Simple and mild: the Barbier-Negishi coupling of 2° alkyl bromides with triflates 
and nonaflates was performed at room temperature with good chemoselectivity and 
limited isomerization in the presence of a very bulky phosphine ligand. 
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